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Vegetables constitute a large and varied group of 
considerable importance in the world's commerce. The 
importance of vegetable as an important part of human diet and 
their essentiality for a balanced diet and maintenance of good 
health has been recognized all over the world. 
In India, vegetarianism has been a way of life since the 
early days of recorded history and vegetables hold a high 
potential for combating the food shortage as their yield/unit area 
is more than 5 times of cereal crop. Due to the higher yield/unit 
area and the presence of certain vitamins and mineral salts 
vegetables can be looked as suitable subsidiary food materials 
particularly in undeveloped countries, where they can be helpful 
in amelioration of malnutrition as well as undernutrition. 
The carrot {Daucus carota ; Apiaceae) is a very popular root 
vegetable cultivated throughout the world. It was known to the 
Greeks and Romans, and reached England in the early Christian 
era. In India, it has probably been in cultivation from a very 
remote period. At present carrots are grown nearly through out 
India on a commercial scale as well as in kitchen gardens. The 
carrot is important as it has three fold utility, being used as 
food, fodder and drug. The numerous varieties of carrots differ in 
size, shape, colour and quality, and are correlated with 
differences in the soil. A deep sandy loam gives the best results. 
The roots are harvested just before the ground, freeze and are 
stored in cellars. Carrots are eaten raw or cooked and are often 
used for flavoring soups and stews. The carrots are valued as 
food because of high carotene contents, which is the precursor 
of vitamin A. The carrots are, therefore, a very good source of 
vitamin A and are thus highly useful in vision improvement and 
curing night bUndness. It also contains appreciable quantities of 
thiamin, riboflavin and vitamin C. 
Carrot is attacked by a large number of diseases including 
fungal, bacterial, nematode, mycoplasma and viral diseases. A 
review of literature has shown that there are at least 14 viral 
diseases causing heavy losses to this vegetable crop. A survey 
was carried out in the year 2000-01 for the viruses infecting 
carrot crop in Aligarh U.P. India. The investigation revealed the 
presence of a severe virus disease characterized by yeUow net 
symptoms prevalent in Aligarh region. The present investigation 
was taken up to characterize the virus causing yellow net disease of carrot 
IR^ijk!^ 
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Innumerable viruses have been reported to infect carrot 
both under natural as well as experimental conditions. An 
attempt has been made to review the literature pertaining to 
virus infections on carrot as follows: 
Iwaki and Komuro (1970) found that Brachycolus 
(semiaphis) heraclei Tak. was a vector of celery mosaic virus and 
Myzus persicae (Sulz.) of both celery mosaic and CMVs. Carrot, 
celery, coriander and parsley were all susceptible to celery 
mosaic virus. 
Wolf and Schmelzer (1972) isolated carrot mottle (8 host 
spp.) besides celery mosaic (22), CMV (18), tomato black ring (7), 
alfalfa mosaic (6), arabis mosaic (3), nasturtium ringspot (3), 
caraway yellow mottle (3), tobacco rattle (2), parsnip yellow fleck 
(1), cowparsnip mosaic (1) and tomato apsermy (1). Unidentified 
viruses were shown for the first time to have natural hosts 
among the Umbelliferae. 
Frowd and TomHnson (1972) reported that stunted parsley 
plants with leaf chlorosis and reddening from 13 sites in Beds., 
Bucks., Ches. and Bristol yielded 5 viruses (RPP 51, 1 h, 4595 
i) of which PV4, carrot mottle virus, was the principal cause of 
the disease. 
Wolf and Schmelzer (1973) isolated viruses from diseased 
carrot plants, as carrot mottle, CeMV, CMV and, for the first 
time in the GDR, alfalfa mosaic, arabis mosaic, nasturtium 
ringspot and tobacco rattle; the last virus occurred naturally in 
the Umbelliferae. The losses due to these viruses (generally > 
50%) can be reduced by cultivation and hygiene. Alfalfa mosaic, 
arabis mosaic, carrot mottle, CeMV, CMV, nasturtium ringspot & 
tobrauiruses were isolated from carrot plants with various 
symptoms. Surveys showed that annual carrot losses from these 
viruses normally exceed 50% in the GDR and cultural advice is 
given on their prevention. 
Murant, Roberts and Gold (1973) reported that the 
changes induced by the carrot mottle virus in systemically 
infected cells of plants grown at 17 °C and illuminated at 4000 
lux for 8 hr /day were most obvious in palisade cells. About 6 
days after inoculation tubules appeared in the cytoplasm, 
associated with the plasmodesmata. Later the tubules, some of 
which became sheathed by cell wall material forming 
plasmodesmatal outgrowths, extended towards the vacuole, 
others towards the nucleus, causing invaginations in it. 
Endoplasmic reticulum and Golgi bodies increased especially 
near the nuclei, and complexes of cytoplasmic tubules with 
endoplasmic reticulum were observed. Membrane bound 
particles, some with densely staining central spots, appeared in 
the vacuole close to the tonoplast and reached their max. 
number after 8-9 days. Tests with phenol treated and buffer 
extracts showed that the cells contained both labile and stable 
infectivity. The former predominated early in systemic infection 
(5-7 days) and then declined, while the amount of stable 
infectivity increased, reaching a max. in 8-9 days. It is suggested 
that the labile form of infectivity consists of RNase sensitive 
material, probably nucleocapsids, which become stable (RNase 
resistant) when they receive a protective envelope on entry into 
the vacuole. 
Stubbs (1974) identified a virus disease of carrots known 
as 'Motley dwarf for the first time in California. Studies showed 
that Cavariella aegopodii could transmit both known 
components of motley dwarf [carrot mottle and red leaf viruses). 
In addition, Dysaphis apiifolia (Theo.) was abundant on the 
infected plants, and yellow mosaic symptoms (though not the 
marginal reddening associated with motley dwarf) appeared on 
carrot seedlings to which these aphids were transferred. 
Examination under the electron microscope of extracts prepared 
from carrot leaves with symptoms of motley dwarf showed that 
three morphologically distinguishable viruses were present but 
host-range studies indicated that at least four distinct viruses 
were present in some samples. 
Tomlinson and Webb (1974) found that many plants in a 
parsley crop near Evesham were infected with the viruses 
causing carrot motley dwarf. Some plants contained another 
virus (in addition to CMotV) which caused typical symptoms in 
N. clevelandii This virus was provisionally identified as a 
rhabdovirus and has bacilliform or bullet shaped particle c. 
214x87 nm. 
Tomlinson and Innes (1974) noticed that carrot motley 
dwarf virus was widespread and severe in a parsley trial with 6 
CVS. 
Roberts and Elnagar (1975) described, among viruses of 
Umbelliferous crops, electron microscopy of aphids carrying 
anthriscus yellows virus and aphid transmission of carrot mottle 
and carrot red leaf viruses. 
Murant (1975) worked on carrots with motley dwarf 
disease symptoms found that the incidence of the disease and 
the vector aphid (C. aegopodii) was low in several commercial 
crops examined but high in a field experiment plot. Tests by 
manual and aphid inoculation showed that the affected plants 
contained both components of the disease, CMotV and CRLV. 
This is the first record of the disease in Canada and the first 
evidence that both components occur in N. America. 
Horvath, Ljubesic and Besada (1976) isolated CeMV from 
mosaic diseased parsley, celery, carrot and parsnip plants in 4 
locations in Hungary, a new record for the country. The 4 
isolates were transmitted by mechanical inoculation and by 
Myzus persicae in a stylet borne manner. Of 29 spp. in 9 
families tested, 10 in 3 families were susceptible to CeUV. Dip 
preparations contained flexuous filaments, c.760-770 nm long. 
Infected Ammi majus plant tissue contained numerous lamellar 
aggregates as well as pin wheel strs. characteristic of CeMV 
(potyvirus group). 
Douine (1976) isolated a new strain of lucerne mosaic virus 
from carrot and identified as alfalfa mosaic virus on the basis of 
electron microscope and serological observations. It differed from 
other strs. of the virus in the reactions of a range of differential 
hosts. The symptoms produced closely resembled those of CMV. 
Howell and Mink (1976) isolated a virus from carrots and 
purified by chloroform, differential ultra centrifugation, 
polyethylene glycol precipitation and rate zonal sucrose density 
gradient centrifugation. The virus was transmitted by aphids 
(Myzus persicae and Cavariella aegopodii) given 5-10 min 
acquisition and transmission feeding periods. Properties in 
crude sap included; longevity in vitro 2 days, TIP 50-55 ^C, and 
DEP >10-5. The virus was named CTLV and its morphology, 
vector relationships and properties suggest that it is a member 
of the pot3rvirus group. Differences in host range, symptoms and 
serology distinguish CTLV from other members of this group. 
Infected carrot plants developed characteristic tv/isted, thread 
like leaf lets with vein clearing and chlorotic spots, 2-3 weeks 
after inoculation. 
J.A. Dunn (1976) had given a short term leaflet which 
contains information on the morphology, life-history and control 
of Cavariella aegopodii (Scop.) on the damage that it causes on 
carrot and parsley in Britain (which is some times confused with 
that caused by carrot fly, Psila rosae f), on the factors affecting 
its abundance, and on the incidence of carrot mosaic virus 
carried by it. The winter eggs are laid on willows, especially. 
Salix fragilis and S. alba where the first few generations develop 
until alatae are produced that migrates to carrot or parsley in 
May-June: a further winged generations develop in late July that 
migrates to wild hedgerow Umbelliferae and willows. Over 
wintering also occurs on carrot crops left in the soil or in 
umbeUifers that do not die down completely before the winter. 
Warm dry weather in spring and summer results in migration 
from willows to other willows and the production of an extra 
willow generation that develops within a weak and migrates to 
carrot in very large numbers; cold wet weather may however 
prevent migration to carrot. High incidence of motley dwarf virus 
on carrot and parsley is closely linked with the no. of aphids 
over wintering on carrots left in the soil during the winter; all 
over wintered crops of carrot and parsley should be removed 
ploughed in or sprayed with an insecticide before the spring 
migration of aphids. 
Howell and Mink (1977) determined the incidence of the 
diseases in 44 carrot fields in 4 Wash, regions by visual and 
indexing surveys. CMDV incidence was low (0-16%) in all 
regions, whereas tJiat of CTLV was often high (0-97%) in the 3 
central regions. Although CTLV has been reported only from 
Wash., it was isolated during 1975 from 65% of the steckling 
carrots from Idaho transplanted to central Wash, for seed 
production. 
Howell and Mink (1977) reported initial appearance of 
CTLV and CMDV diseases in commercial carrot fields in central 
Washington State was correlated with flights of the aphid 
Cauariella aegopodii. The subsequent spread of CTLV throughout 
these fields was mainly related to the appearance of Myzus 
persicae (Sulz.) in carrot fields. Aphids and CTLV occurred more 
frequently at the edges than in the centers of the carrot fields. 
Howell and Mink (1977) reported that the results of 
indexing surveys of weed hosts showed that CMDV was isolated 
only from wild carrot [Daucus carota), whereas CTLV was 
isolated from both poison hemlock {Conium maculatum) and wild 
carrot. Gradients of both viruses in commercial fields adjacent to 
infected weeds suggested that weeds were a primary source of 
both inocula in the Walla Walla Valley. In the Columbia basin 
natural weed hosts for the viruses were not found. Carrots 
raised for root processing, volunteer carrots and those grown for 
seed, however, formed a continuous yearly cycle of hosts, which 
perpetuated the viruses. 
Elnagar and Murant (1978) reported that Scottish isolates 
of the viruses confirmed the dependency of CMotV on CRLV for 
transmission by C. aegopodii. CMotV was transmitted by aphids 
only when the 2 viruses were present in the same source plant, 
and its transmission was not assisted by anthriscus yellows 
virus, which acts as a helper for parsnip yellow fleck virus. Some 
test plants become infected with CRLV alone, and a few with 
CMotV alone. In vdnter aphid transmission of both viruses was 
greatly increased when the source plants received 
supplementary lighting, whereas the CMotV infectivity of sap 
was not increased. 
Elnagar and Murant (1978) reported in their further 
experiments in Scotland the transmission of CMotV and its 
helper virus CRLV, these viruses were not transmitted to wild 
chervil {Anthriscus cerefolium) by adults of C. aegopodii (Scop.) 
The viruses were transmitted by recipient aphids injected with 
haemolymph from donor aphids that had fed on plants with 
mixed infections, but they were not transmitted by a second 
group of recipient aphids injected with haemolymph from the 
first group of recipients. The results confirm that both viruses 
are circulative, but they do not indicate any evidence for 
multiplication in the vector. They could only transmit CMotV 
after acquiring it from a plant infected with both viruses. CMotV 
particles acquired by aphids from plants with a mixed infection 
therefore differed in some way from those from plants with a 
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single infection. A possible explanation of these results and of 
the dependence of CmotV on CRLVfor aphid transmission is that 
doubly infected plants contain some particles consisting of 
CmofV nucleic acid coated with Ci?Ll^ protein. 
Murant, Scott and Bainbridge (1978) described the 
semipersistent viruses parsnip yellow fleck and its helper virus 
anthriscus yellows, and the persistent viruses carrot mottle and 
its helper virus carrot red leaf all of which are transmitted by 
Cavariella aegopodii. CMotV possibly depends on its nucleic acid 
becoming coated with CRLV protein to prevent it from 
degradation within the aphid body. 
Buturac (1979) has reported carrot as one of the host of 
the celery mosaic virus besides celery, parsnip, coriander and 
parsley. Wild spp. were also found to get infected. 
Howell and Mink (1979) reported that early infections of 
CMDV lowered root yields by 44-79% and seed yields by 62-83% 
in glasshouse, screenhouse and field tests in Wash, in 1974-76. 
Much of the loss incurred during seed production was due to 
high mortality among infected plants. No seed transmission was 
observed in seedlings from lots containing 5000 seeds harvested 
from carrots infected with either virus. Germination percentages 
in seed from CMV-infected and healthy carrots were the same. 
Bar Joseph et al. (1979) reported that the viruses of 
closteroviruses group are transmitted by aphids. The group 
includes tJie viruses causing severe damage. The group includes 
the viruses causing t±ie conditions known as apple chlorotic leaf 
spot, beet yellow stunt, beet yellows, carnation necrotic fleck, 
carrot yellow leaf, citrus tristeza, clover yellows and potato virus T. 
Howell and Mink (1981) isolated carrot thin leaf, celery 
mosaic and alfalfa mosaic viruses from Conium maculatum and 
Daucus carota in southeastern Wash, in 1975 & 1979, Clover 
yellow vein virus was isolated from wild and cultivated carrots. 
Russell (1981) reported the development of resistant 
varieties and their role in the control of the following pests and 
pathogens considered briefly: Phytophthora infestans and 
Globodera spp. in potatoes, Bremia lactucae in lettuce, Psila 
rosae in carrots, tobacco mosaic virus in tomatoes (including 
information on genes conditioning resistance and 
hypersensitivity). Venturia inaequalis, Podosphaera leucotricha, 
Sappaphis mali (Dysaphis plantaginea), Aphis pomi, Psylla mali 
and Hoplocama testudinea in apple and morphrophora in 
raspberry. The potential value of breeding for resistance to pests 
and diseases is discussed with special reference to potato, 
lettuce, carrot, tomato, apple and raspberry. 
Waterhouse and Murant (1982) reported the character-
ization of carrot red leaf and carrot mottle viruses. Tomato 
black ring virus is reported on carrot for the first time in U.K. 
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Waterhouse and Murant (1983) reported that the 
preparations were made from chervil plants doubly infected with 
CmotV and its helper virus, CRLV, on which it depends for 
transmission. Transmission of CmotV by C. aegopodii is 
dependent on the packaging of its RNA in coats composed 
partially or entirely of CRLV particle protein. Myzus persicae 
does not transmit CRLV or CmotV from plants mixedly or singly 
infected with these viruses but it is a vector of beet western 
yellows virus (BWYV) and potato leaf roll virus (PLRV) and it 
transmitted CMotV from plants that also contained either of 
these viruses. This suggests that the coat proteins of BWYV and 
PLRV can substitute for that of CRLV in packaging CMotV 
nucleic acid and thereby confer on it their own vector specificity. 
Murant and Raschke (1983) worked on the RNAs of carrot 
red leaf virus and CMotV and on the helper dependent 
transmission of heracleum latent virus by aphids. 
Chod (1984) reported that the isolates of the virus from 
Nantes carrot were transmitted mechanically to carrot, 
Chenopodium quinoa, C. amaranticolor, C. murale, Ammi majus 
and celery. Indicator plants developed local lesions and yellowish 
spots. Electron microscopy of infected plants revealed 
filamentous particles c. 760 nm long. The isolates reacted with 
antiserum to celery mosaic virus. Results of diagnosis 
confirmed that this virus differed from others found on carrot. 
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Waterhouse (1985) reported tJiat the leaf reddening of 
carrots and dill (Anethum graueolens) was associated with the 
presence of CRLV, identified on the basis of aphid transmission 
(by Cauariella aegopodii), particle morphology, host range and 
serology, and a new record for Australia. CMotV was not found 
in any of the plants infected by CRLV. 
Bleyaert, Meunier and Verhoyen (1987) reported a disease 
causing yellowing and reddening of leaves, death of small roots 
and bad growth of parsley, was investigated. Pesticides and 
modifications of the rooting environment had no effect. Further 
research revealed the presence of a complex of CMotV + CRLV, 
which causes the carrot mottle dwarf disease. 
Meunier and Verhoyen (1987) reported that the results of 
mechanical and aphid transmission tests showed that carrot & 
parsley plants with carrot motley dwarf disease contained 2 
viruses: CMotV and CRLV. CMV was transmitted by C. aegopodii 
only in the presence of CRLV. 
Meunier and Verhoyen (1987) reported that in Belgium, 
yellowing and reddening of the leaves of carrot and stunting and 
resetting of parsley plants, with the outer leaves turning from 
green to yellow to red or pink, were attributed to a combination 
of carrot mottle virus and CRLV affecting both plants. The first 
virus was transmitted by mechanical inoculation and by the 
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aphid C. aegopodii in a persistent manner in the presence of the 
2nd virus. 
Barker (1989) reported that the concentration of PLRV (c. 
1300 ng/g leaf) in singly infected N. deuelandii plants was 
increased up to 10 fold in plants co-infected with each of several 
potyviruses, or with narcissus mosaic potexvirus, CrnotV or each 
of 3 tobravirus isolates. 
Dijk and Bos (1989) discussed the importance of wild 
Umbelliferae as virus reservoir hosts. Biological testing of 974 
leaf samples of UmbeUiferae yielded 569 virus isolates of which 
550 were classified into 19 viruses, 2 of them with 2 structures 
each. Viruses frequently occurred in mixtures, and infection 
often was symptomless. Their natural and experimental host 
ranges are tabulated. Anthriscus carlavirus and caraway latent 
virus are tentatively described as new viruses. However among 
various viruses, CRLV too shows incomplete description. 
Derrick, Barker and Oparka (1990) reported that the MW 
exclusion limit of plasmodesmata in subveinal epidermal cells of 
N. clevelandii leaves was estimated by microinjection and 
fluorescence microscopy using fluorescein isothio-cyanate-
peptide conjugates, carboxy fluorescein and Lucifer Yellow CH. 
Systemic infection of plants by tobacco rattle tobravirus, tomato 
black ring nepovirus or potato Y potyvirus did not alter the 
limits of plasmodesmatal conductance of the fluorochromes. 
However, carrot mottle virus and groundnut rosette virus 
diminished the symplastic mobility of some fluorescent tracers. 
These results imply that intercellular movement of these viruses 
does not involve a long-lasting increase in the plasmodesmatal 
molecular size exclusion limit. 
Gupta, Naqvi, Zaidi and Shah (1990) reported a wide 
spread mosaic disease of carrot in and around Aligarh, U.P., 
India. In subsequent tests only 28 spp. from 183 tested 
(representing 26 families) were susceptible to the virus, called 
carrot mosaic virus. These together with tests on transmission 
and physical properties of the virus indicated that it was not 
identical to any other virus reported on carrot, and it is 
suggested that the Aligarh isolate may be a previously 
unrecorded virus. 
Falk, Davis and Piechocki (1991) reported a disease of 
carrots in California shown to be caused by carrot thin leaf 
potyvirus (CA-CTLV) . CA-CTLV was recovered only form carrots 
grown in the San Joaquin Valley and not from carrots collected 
from the Salinas or Imperial Valley, carrot - producing areas. 
CA-CTLV was transmitted by both Myzus persicae and Cavariella 
aegopodii in a non-persistant manner. Purified virions showed 
typical potyvirus morphology when examined by E.M. and a 
capsid protein Mr. of c. 33000 was determined by SDS-PAGE. 
Antisera produced to CA-CTLV reacted positively with extracts of 
plants infected with CA-CTLV. Nearly identical reactions were 
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obtained when CA-CTLV and the Washington (WA) CTLV isolate 
were compared in immunoblots using both CA-CTLV and WA-
CTLV antigens and antisera, showing that CA-CTLV is closely 
related serologically to WA-CTLV. 
Watson and Falk (1994) reported that the geographic and 
temporal incidence of CMD and the partial host ranges of the 
CMDVs and their aphid vector, C. aegopodii, were investigated. 
The CMD viruses (CRL Luteovirus & CMotV) and C. aegopodii 
were found to have limited host ranges that overlap in carrot but 
in no other plant species growing in the Salinas Valley. Field 
studies assessing the incidence of CMD in spring carrots 
revealed that CMD development was closely associated v^th over 
wintered carrot fields. Little to no CMD developed in spring fields 
that were distant from good resistance to extreme susceptibility. 
These data suggest that time of planting, location in relation to 
over wintered carrot fields and carrot cultivars are all important 
factors in disease development (from over wintered carrot fields 
or when no over wintered carrot fields were present, 
susceptibility of carrot cultivars to CMD ranged). 
Ndunguru and Kapooria (1997) reported that the 
symptoms indicative cucumber mosaic (CMV) infection were 
observed on cabbage, carrot, celery, coriander, lettuce, radish 
and parsley in gardens in Lusaka, Zambia. The virus was 
identified as CMV by DAS-ELISA and electron-microscopy in 
carrot, celery, lettuce & radish. However, CMV could not be 
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detected in cabbage, coriander 85 Parsley, suggesting that these 
crops were infected by a different virus. 
Vercruysse et al. (1999) reported transmission tests using 
Cavariella aegopodii from parsley plants showing symptoms of 
carrot motley dwarf (CMD) like disease, and the indicator plants 
chervil and coriander, indicated that the disease in parsley may 
be caused by the CMD virus complex. As a more specific test, a 
DAS-ELISA and a cocktail ELISA method was developed which 
could detect the coat protein of carrot red leaf virus (CRLV) in 
chervil plants infected with the CMD-like disease of parsley. The 
developed immunoassays could not, however, detect CRLV in 
parsley. Further tests using Northern blot hybridization with 
cDNA probes found that a CRLV cDNA fragment from infected 
Californian c£irrot could not detect CRLV in parsley, but CRLV-
associated RNA was identified as a component of the viral 
disease in parsley using a cDNA fragment complementary to the 
CRLVa RNA probe. ds-RNA analysis of diseased parsley and 
chervil plants identified for the first time the presence of carrot 
mottle virus (CMotV) as a component of the virus complex in 
parsley. A sensitive, RT-PCR method was then developed which 
could readily identify CRLV, CMotV and CRLV-associated RNA, 
the 3 components of CMD, as the causal agents of the disease in 
infected parsley and chervil plants. All 3 viral RNAs were present 
in all parsley plants showing disease symptoms. This technique 
also allowed detection of each of the CMD components in 
individual viruliferous aphid vectors. The molecular structure of 
CMotV was also analysed. 
Vercruysse et al. (2000) developed a method for detecting 
and distinguishing the viruses associated with carrot motley 
dwarf (CMD) disease i.e. carrot mottle virus (CMotV), carrot red 
leaf virus (CRLV) and the virus known as carrot red leaf virus-
associated RNA (CRLVaRNA). Redundant primers were made 
that targeted the RNA-dependent RNA polymerase (RdRp) gene 
in all available sequences of umbraviruses ad in a subset of 
polerovirus genomes, and specific and redundant primers were 
made to target the same gene in CRLV a RNA in a plant other 
than carrot and the first report of this virus outside the USA. 
The study also confirmed that the umbravirus in parsley with 
CMD disease is CMotV, and that this virus is distinct from carrot 
mottle mimic virus (CMoMV), which is also associated with CMD, 
but apparently not in Europe. 
19 

1.0 Maintenance of Virus Inoculum 
1.1 Raising of plants : 
The plants were grown in clay pots of 4" and 6" diameters, 
filled with a mixture of soil, sand and compost in a ratio of 2:1:1. 
The soil mixture was sterilized in an autoclave for 1 hr. at 20 lb 
pressure and kept for one day at room temperature after 
autoclaving. The clay pots were rinsed with 4% formalin and 
filled with sterilized soil mixture. 
Formalin rinsed wooden trays {18"xl8"x5") containing 
sterilized soil mixture, were used in raising seedlings. Young 
seedlings were transplanted singly in 6" clay pots. Plants were 
used for inoculation purpose two weeks after transplantation. All 
the plants were raised and placed in an insect proof glass house 
at temperature of 20° + 50C. 
1.2 Virus culture : 
The culture of the virus was obtained from the naturally 
infected leaves of carrot showing yellow net symptoms. Young 
infected leaves were taken out. The leaves were cut into pieces 
with the help of scissors and macerated in a mortar with pestle 
in phosphate buffer (O.IM, pH 7.0). The macerate thus obtained 
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was squeezed through two layers of cheesecloth. The virus 
isolate used in the study was maintained and multiplied in N. 
tabacum cv. Anand-2 bidi type. 
1.3 Source of inoculum : 
Young leaves from infected propagation host plants were 
used as source of inoculum. Inoculum was prepared by 
macerating them in a mortar with pestle in O.IM phosphate 
buffer pH 7.0. For each gram of leaf material 1 ml of buffer was 
used. The macerate was filtered through two layers of 
cheesecloth. The sap thus obtained was used as standard 
inoculum. 
2.0 Transmiss ion Studies 
2.1 Mechanical Transmission : 
Standard inoculum was inoculated to the healthy plants 
tested for virus susceptibility. The fully expanded leaves of the 
plants to be inoculated were dusted uniformly with 
carborundum 500 mesh as an abrasive and the inoculum was 
applied gently but firmly on the upper surface of the leaves with 
the help of forefinger. The inoculated leaves were rinsed with 
gentle stream of water before the inoculum on the surface of 
leaves dried up. If the rate of transmission was not promising, 
some chemicals were mixed with the inoculum, so as to enhance 
the rate of transm.ission. 
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2.2 Biological Transmission : 
Attempts were made to find out the vector of virus in the 
field. Transmission by aphids, insect, dodder, seed and soil were 
studied. 
2.2.1 Aphid Transmission : 
Adult aphids found transmitting the disease during 
preliminary investigations were used to study aphid-virus 
relationship (non-persistent, persistent or semi-persistent). 
2.2.1 (a) Raising of virus free aphids : 
Viviparous adults were starved for about 8 hr. at 
room temp, in a petridish and then placed upon a detached leaf 
of an appropriate healthy host plant in a petridish. The 
atmosphere inside the petridish was made humid by covering 
the inner surface of the petridish with wet filter paper. Newly 
born nymphs were transferred to a fresh and healthy plant 
immune to the virus under investigation. The aphid colonies, 
t hus developed were used as healthy colonies of virus free 
aphids. The aphids from one plant to other were transferred with 
the help of moistened tip of camel's hairbrush type A, no. 1. 
2.2.1 (b) Mode of transmiss ion : 
To establish the mode of transmission following 
procedures were adopted: 
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I. Non-persistent : 
i. Pre-acquisition starvation period 4-8 hr. 
ii. Acquisition access period 1-2 min. 
iii. Inoculation access period 24 hr. 
iv. No. of aphids per plant 10 
Virus free aphids were first starved for 4-8 hr. in a glass 
vial before an acquisition access feeding of 1-2 min. on the 
detached leaf of diseased plant on moist filter paper in a 
petridish. After acquisition access, 10 aphids were transferred to 
each healthy seedling of test plants for an inoculation feeding 
period of 24 hr. The aphids, after the end of inoculation feeding, 
were killed by spraying with an insecticide. The test plants were 
kept in an insect proof glass house for symptom observation. 
II. Persistent : 
i. Acquisition access period 24 hr. 
ii. Inoculation access period 48 hr. 
iii. Number of aphids per plant 10 
The virus free aphids, without subjecting them to 
starvation were allowed 24 hr. acquisition feeding time on 
diseased leaves placed on a moist filter paper in a petridish. 
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After the completion of acquisition feeding, 10 aphids were 
transferred to each test plant where they were given an 
inoculation feeding time of 48 hr. After the inoculation feeding 
period, aphids were killed by spraying an insecticide. The test 
plants were kept in an insect proof glass house to observe the 
development of symptom. Back inoculations from the plants on 
which aphids were given inoculation feedings were made on 
appropriate diagnostic host. 
2.2.2 Transmission by White Flies : 
White flies (Bemesia tahaci Gen.) are the vectors of several 
important viruses like agents prevalent in hot countries. They 
mainly feed on phloem tissue, and because their larval stages 
are sedentary and there is no evidence of tran so viral 
transmission, only adults spread these viruses like agents in the 
field. 
2.2.2 (a) Source of virus-free white flies : 
White flies collected from the field were caged on a 
healthy plant for egg laying. After 10 days the adults were 
removed from the cage. New white fly adults developing after 7-8 
days (in summer) would be further multiplied. Insect colonies so 
raised were virus free and would be used for transmission 
studies. 
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2.2.2 (b) Handling of white flies : 
Different procedures of caging and transferring single 
white fly adult had been used in investigation of plant virus 
vector relationship. However, a simple, rapid and safe technique 
developed by Rathi and Nene (1974) for handling and 
transferring single white fly adult is most suitable. 
2.2.2 (c) Trasmission : 
Non-viruliferous white flies would be allowed for 
acquisition and inoculation access periods of 24 h each on 
diseased and healthy plans, respectively. Rogor (0.1%) was 
sprayed to kill the whiteflies after the end of inoculation feeding. 
The test plants were kept for a month for observation of 
symptoms. 
2.2.3 Transmission by Dodder : 
Seeds of dodder were germinated on moist filter paper 
placed in petriplates and then transferred in 12" clay pots, 
sterilized with formalin (4%) and containing sterilized soil 
mixture. When the plants were about 6" long, they were trailed 
on a suitable host plant susceptible to the virus being studied, 
and the host plant (on which the dodder was being trailed) was 
inoculated after one week. When the dodder had been 
established on inoculated plant, a healthy test plant in another 
pot was placed near the pot (having inoculated plant with dodder 
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established on it) and the tips of the branches of the dodder 
were placed in the axil of the healthy test plant and allowed to 
establish there. The plants, thus inoculated, were observed for 
the development of symptoms, if any, for about 6 weeks. Back 
inoculations were made on local lesion host to confirm the 
presence of the virus (transmitted by dodder). 
2.2.4 Transmission through Seeds : 
A few inoculated plants were kept till flowering and 
fruiting. After the seed maturation, they were collected and 
dried. Hundred seeds were sown in a wooden tray containing 
sterilized soil mixture. The seeds, germinated, were counted. The 
numbers of healthy and diseased plants, if any, in the tray were 
counted. To compare their percentage germination, 100 seeds 
from the healthy plants were also being treated in the same way. 
Seed transmissible nature of the virus under study was 
tested by the following method: 
a. By macerating the seeds from diseased plants in O.IM 
phosphate buffer pH 7.0, giving macerate a low speed 
centrifugation and inoculating the sap t hus obtained on 
the local lesion host. 
b. By keeping the plants, developed from the seeds collected 
from diseased plants under insect proof glass house for 
about one month to observe the development of symptoms. 
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c. By inoculating sap obtained from the young seedlings 
developed from seeds collected from diseased plants on 
local lesion host. 
2.2.5 Transmission through Soil : 
Pots were filled with soil collected from and around the 
naturally infected plants. Half of them were sterilized in an 
autoclave and served as control. Seeds/seedlings were 
sown/transplanted separately, both in sterilized and unsterilized 
pots and symptoms, if any, were recorded. Observations were 
made till one month after seedling emergence from the date of 
transplantation. 
3.0 Host Range Studies : 
Several species of plants belonging to different families 
were screened for the susceptibility to the virus under 
investigation. Standard inoculum was used for inoculation of all 
plants. At a time at least three plants of a species or cultivar 
were inoculated and the same number were kept as control. 
Plants having 4-5 leaf stage were used for inoculation. Plants 
were observed daily after inoculation for symptoms. Time 
sequence and severity of the infection were recorded. Back 
inoculation from the infected and non-infected plants were done 
on local lesion host. 
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4 .0 Virus Vector Relationship : 
In order to determine the relationship between the virus 
and the vector, the method would depend on the type of the 
vector group involved in transmission. However, in general, the 
variabilities including number of insect per plant, different 
preacquisition starvation periods, varying acquisition and 
inoculation access periods were worked out along with effect of 
moulting of insect on various retention and latent periods in the 
vector. 
5.0 Selection of Suitable Propagation Host and an Assay Host : 
To find out a suitable propagation host several plants, 
susceptible to the virus was inoculated and showing most 
prominent symptoms were selected. A plant exhibiting following 
characters was selected. 
(i) Rapid seed germination and fast growth; 
(ii) Short incubation period of the virus; 
(iii) Peak concentration of the virus within a short period after 
inoculation; 
(iv) Absence of virus inhibitors and 
(v) More yield of infected tissue with good virus concentration. 
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Assay of virus was carried out on a local lesion host. To 
search out a local lesion host, several commonly used plants 
were tested. 
However, in case of non-availability of local lesion host, 
assay tests of the virus were carried out on a systemic host. 
6.0 Virus Concentration in Different Parts of the Host: 
Diseased plants of carrot and N. tabacum cv. Anand 2 bidi 
type, inoculated 10-12 days earlier were uprooted carefully and 
were washed. They were then dried by placing them on a blotting 
paper and their roots, shoots and leaves were cut into pieces 
separately. Equal amount of root, shoot and leaf tissue were 
homogenized separately in a mortar with pestle adding O.I M 
phosphate buffer pH 7.0. Each homogenate was filtered through 
two layers of cheesecloth. Each sample was then inoculated 
mechanically to five plants of C. amaranticolor. The local lesions 
developed were counted after one week. 
7.0 Biophysical Properties : 
The dilution end point thermal inactivation point and 
longevity in vitro of the virus under investigation were tested by 
the method detailed by Noordam (1973), 
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7.1 Dilution End Point (DEP) : 
Young leaves of N. tabacum cv. Anand 2 bidi type plants 
inoculated 10 days earlier, were plucked and crushed in a 
mortar with pestle. The sap was obtained by squeezing the 
macerate through double layers of cheesecloth. Ten fold 
dilutions (IQi, IO-2, 10-3, 10-^ lO-s lO-^, 10-7 and lO-s) were 
made of the sap by addition of double distilled water. From each 
dilution five C. amaranticolor plants were inoculated manually 
using carborundum 500 mesh as an abrasive. Local lesions 
produced on the leaves were counted after one week. 
7.2 Thermal Inactivation Point ( T I P ) : 
Sap was obtained by homogenizing the young leaves of N. 
tabacum cv, Anand 2 bidi type plants, inoculated 10 days 
earlier, in a mortar with the pestle and filtering the macerate 
with two layers of cheese cloth. It was divided into 5 aUquots. 
The aliquots were exposed to a range of temp. (40, 45, 50, 55, 
60, 65, 70, 75, 80 and 850C) in a water bath for 10 min. The 
glass vials containing diseased sap were held in the water bath 
in such a way that the level of the sap was slightly below the 
level of the water in the bath. The tubes were then cooled by 
dipping in cold water after the treatment. Fifty plants of C. 
amaranticolor, similar in age, size and leaf number were selected 
and each aliquot was manually inoculated to 5 C. amaranticolor 
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plants to test the viability of the virus. Local lesions developed 
on the leaves were counted after one week. 
7.3 Longevity in Vitro (LIV) : 
Young leaves from N. tabacum cv. Anand 2 bidi type 
plants, inoculated 10 days earlier, were plucked and macerated 
in a mortar with pestle. The sap was expressed by filtering the 
macerate through two layers of cheesecloth. The sap thus 
obtained was stored at room temp. (5-10°C). C. amaranticolor 
plants of the same age, size and leaf number were selected. After 
every six hours a small amount of the sap was taken from the 
stored sap and inoculated to five C. amaranticolor plants. The 
inoculations were made up to 114 hours. C. amaraticolor plants 
were inoculated manually using carborundum 500 mesh as an 
abrasive. Local lesions developed on leaves were counted after 
one week. 
8.0 Effect of p H : 
Young leaves of N. tabacum cv. Anand 2 bidi type plants 
inoculated 10 days earlier were crushed in a mortar with a 
pestle and the macerate was squeezed through two layers of 
cheese cloth. The infectious sap thus obtained was divided into 
eleven aliquots. The pH of the aliquots was adjusted to 4.0, 4.5, 
5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5 and 9.0 by the addition of 
O.IM solution of acetic acid or NaOH, as required. Each aliquot 
was then incubated for half an hour at room temp. (200C + 2^0 . 
Fifty five C. amaranticolor plants of the same age, leaf no. and 
leaf area were selected. Each aliquot was then inoculated to 5 C. 
amaranticolor plants using carborundum 500 mesh as an 
abrasive. Local lesions developed on leaves were counted after 
one week. 
9.0 Effect of Various Buffers at Different pH Level : 
9.1 Acetate Buffer : 
Five gram of young leaves of N. tabacum cv. Anand 2 bidi 
type plants, inoculated 10 days earlier were separately 
homogenized in a mortar with pestle after addition of 10 ml of 
sodium acetate buffer O.IM at pH values 4.5, 5.0, 5.5 and 6.0 
Each homogenate was filtered through two layers of cheesecloth. 
Twenty plants of C. amaranticolor of the same age, leaf number 
and size were selected. Five plants were mechanically inoculated 
with each sample. Local lesions developed on leaves were 
counted after one week. 
9.2 Citrate Buffer : 
Citrate buffer of pH values 4.0, 4.5, 5.0, 5.5 and 6,0 was 
used in the study. Five gram of young leaves of N. tabacum cv. 
Anand 2 bidi type plants, inoculated 10 days earlier were 
separately homogenized in 10 ml of O.IM sodium citrate buffer 
of different pH values. Each homogenate was filtered through 
two layers of cheesecloth and then inoculated to 5 C. 
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amaranticolor plants. Local lesions developed on leaves were 
counted after one week. C. amaranticolor plants of the same age, 
size and leaf number were used. 
9.3 Phosphate Buffer : 
The effect of phosphate buffer at different pH values was 
investigated by separately homogenizing 5 gram of young leaves 
of N. tabacum cv. Anand 2 bidi type plants, inoculated 10 days 
earlier. For every gram of the leaves of 2 ml of the buffer was 
used. Phosphate buffer O.IM at pH values of 5.0, 5.5, 6.0, 6.5, 
7.0, 7.5, 8.0 and 8.5 were used in the study. Each homogenate 
was filtered through double layers of cheesecloth. Each sample 
was then inoculated to five C. amaranticolor plant. Local lesions 
developed on leaves were counted after one week. 
9.4 Borate buffer : 
The effect of borate buffer of different pH values was 
studied by macerating 5 g of young leaves of N. tabacum cv. 
Anand 2 bidi type plants in a mortar with pestle, after adding 10 
ml of O.IM borate buffer at pH values 7.5, 8.0, 8.5, and 9.0. In 
each case the homogenate was filtered through two layers of 
cheesecloth. Each sap was then inoculated to five C. 
amaranticolor plants. Local lesions developed on leaves were 
counted after one week. C. amaranticolor plants of the same age, 
size and leaf number were used. 
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1.0 Natural Symptoms : 
Naturally infected plants of carrot, Daucus carota L. 
showed yellow net symptoms on leaves. At advanced stage, the 
infected plants showed reduction in leaf size, yellowing of leaf, 
vein clearing (Fig. 1), reduction of root and over all stunting of 
plants. Only few distorted roots of small size were produced. 
2 .0 Transmission 
2 .1 By Sap : 
The virus causing yellow net disease of carrot was readily 
transmitted by sap prepared in O.IM phosphate buffer pH 7.0 
from carrot to carrot, N. tabacum cv. Anand 2 bidi type and 
various other hosts. The transmission of disease was 90-100% 
by sap inoculation using carborundum predusted 2-3 basal 
leaves of healthy plants. 
2 .2 By Aphids : 
Four species of aphids, Aphis gossypii, A. fabae 
Bervicoryne brassicae and Myzus persicae were used by allowing 
them to acquire and transmit the virus in a persistent and non-
persistant manner but they did not evoke any symptoms on 
healthy plants. The transmission tests were carried out using N. 
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tahacum cv. Anand 2 bidi type as a donor and recipient host in 
all combination and ten aphids per plant were invariably used in 
the study. 
2 .3 By Dodder : 
Two species of dodder, Cuscuta reflexa Roxb. and C. 
chinensis Lam. were tried to transmit CYNV from infected to 
healthy N. tabacum cv. Anand 2 bidi type plants but none of 
them succeeded to evoke any symptoms and no virus could be 
recovered in back inoculation to C. amaranticolor from dodder 
inoculated plants. As only 2 species of dodder were used, no 
generalization could be made regarding the transmission of the 
virus by dodder. 
2 .4 By White flies : 
White flies, Bemisia tabaci Gen., failed to transmit CYNV 
even after increasing the no of insect per plant upto 20. None of 
the healthy carrot plants, to which the white flies from yellow 
net diseased carrot plant were transferred, showed any 
symptoms 30 days after the inoculation access period. 
2 .5 By Seeds : 
Daucus carota and N. tabacum cv. Anand 2 bidi type plants 
were raised using seeds collected from infected plants did not 
show any apparent symptoms when grown under insect proof of 
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condition in sterilized soil. Back inoculation tests, to ascertain 
presence/absence of virus, carried out on local lesion host using 
the sap prepared from randomly selected 5 plants of each group 
indicated negative result. Thus it appeared that the virus was 
not transmitted through seeds, which were collected from 
infected plants. 
2.6 By Soil : 
Thirty seedlings each of N. tabacum cv. Anand 2 bidi type 
and carrot were transplanted in soil collected from and around 
the CYNV infected plants. These plants did not show any 
apparent symptom even after two months. Back inoculation 
tests using the sap prepared from randomly selected five plants 
of each group indicated the absence of virus in these plants. 
Thus it appears that CYNV is not transmitted through soil. 
3 . 0 Symptomatology and Host Range 
Host Range : 
Various plant species and cultivars belonging to 
different angiosperm families were mechanically inoculated with 
CYNV. Visible symptoms were produced on 10 plants, out of 
them four viz. Dahlia pinnata Cav. (family Asteraceae); 
Lycopersicon lycopersicum Mill. (family Solanaceae); 
Chenopodium album L. C.amaranticolor Coste and Reyn. (family 
Chenopodiaceae), reacted with the development of necrotic local 
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lesions, whereas the rest were infected systemically. They are as 
follows: 
Solanaceae 
Capsicum annuum cv. Jwala 
N. tabacum cv. Anand 2 bidi type 
N. tabacum cv. Harison's special 
N. plumbaginifolia Viv. 
N. rustica L. 
Umbelliferae 
Daucus carota L. 
This virus isolate did not evoke any visible symptoms in 
some plants but infected them systemically as virus could be 
recovered on back inoculation to assay host (C. amananticolor). 
They are therefore the carriers of this virus isolate. The plants 
are as follows: 
Cruciferae 
Brassica rap a cv. Purple Top White 
Raphanus sativus cv. Faizabadi 
37 
Caryophyllaceae 
Stellaria media (L.) Cyr. 
Umbellifereae 
Coriandrum sativum L. 
In all, this virus isolate infected 14 plant species and 
cultivars distributed in 6 families viz. caryophyllaceae, 
chenopodiaceae, asteraceae, cruciferae, solanaceae and 
umbelliferae (apiaceae). 
Non-host : 
Following plants showed no symptoms (systemic/local) till 
two months after inoculation and no virus could be recovered 
when back inoculation from these plants were made on C. 
am.aranticolor. 
Amaranthaceae 
Amaranthus caudatus L. 
Asclepiadaceae 
Calotropis procera L. 
Asteraceae 
Calendula officinalis L. 
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Chrysanthemum sp. 
Cosmus bipinnatus Cav. 
Sonchus asperagus L. 
Sonchus oleraceus L. (Scop.) 
Tagetes erecta L. 
Caryophyllaceae 
Dianthus caryophyllus L. 
Chenopodiaceae 
Beta vulgaris L. var. Suttons Globe 
Spinacea oleracea L. 
Convolvulaceae 
Convolvulus arvensis L. 
Cruciferae 
Brassica campestris L. 
Brassica oleracea var. capitata 
Cucurbitaceae 
Cucurhita maxima Duch. 
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Cucumis satiuus L. 
Cucumis melo L. 
Lagenaria siceraria Standi. 
Luff a cylindrica Roem. 
Fabaceae 
Cajanus cajan (L.) Druce. 
Cassia fistula L. 
Cicer arietinum L. 
Lens esculentum Monench. 
Lathyrus odoratus L. var. The Prince 
Phaseolus vulgaris L. 
Pisum sativum L. var. Bonneville 
Trigonella foenum-groecum L. 
Viciafaba L, 
Labiatae 
Salvia officinalis L. 
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Liliaceae 
Allium cepa L. 
Allium sativum L. 
Papaveraceae 
Papaver rhoeas L. 
Papaver somniferum L 
Poaceae 
Hordeum vulgare L. 
Triticum. aestivum L. 
Zea mays L. 
Solanaceae 
Datura stramonium L. 
Solarium, melongena L. 
Solarium tuberosum L. 
Symptomato logy : 
Apiaceae : 
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Daucus Carota L. : 
Yellow ne t symptoms appeared in leaves 12-15 days after 
inoculation followed by s tunt ing of the plant. The no. of leaves 
was greatly reduced in infected p lan ts (fig. 1). 
Asteraceae : 
Dahlia pinnata Cav. : 
Small pinpoint local lesions were developed 20-25 days 
after inoculation (fig. 4) 
Chenopodiaceae: 
Chenopodium amaranticolor Cost and Reyn.; 
After 4-10 days of inoculation, necrotic local lesions 
developed. The inoculated leaves were shed after 15-20 days of 
virus inoculation (fig. 3). 
Solanaceae : 
Capsicum annuum L. Jawala : 
Downward curling and pucker ing developed in leaves after 
10-15 days of inoculation. Leaves of the infected p l an t s were 
smaller in size a s compared to heal thy ones a n d the p l an t s were 
s tun ted (fig. 2). 
Lycopersicon lycopersicum Mill. : 
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Small pin head Kke local lesions were developed 12-15 
days after inoculation (fig. 5). 
Nicotiana rustica L. : 
The symptoms appeared in the inoculated plants in the 
form of darkening of plants and reduction of lamina (fig. 6). 
Nicotiana tabacum cv. Anand 2 bidi type : 
Inoculated leaves produce necrotic lesions followed by vein 
yellowing and mUd mosaic on new emerging leaves (fig. 7 a & b). 
Nicotiana tabacum cv. Harison's special : 
The first symptoms start in the form of vein clearing in new 
emerging leaves 10-12 days after inoculation followed by mosaic 
mottling and stunting of plants (fig. 8). 
Nicotiana tabacum var. Samsuzn type Turkish : 
On the inoculated plants mosaic symptoms appeared after 
12-15 days of inoculation. As the days passes the leaves become 
badly deformed and plant as such remain showed retarded 
growth (fig. 9). 
4 .0 Se lec t ion of local les ion host : 
Four local lesion hosts of the virus isolate infecting carrot 
viz. C. album, C. amaranticolor, Dahlia pinnata and Lycopersicon 
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^ ^ . y.- Naturally infected leaves of Daucus carota L. 
showing yellow net symptoms and reduction in size (right 
leaf) & heal thy leaf (left). 
S^^.^- Infected plant of Capsicum annuum L. Jawala 
showing downward curling and puckering. 
S^.S.- Infected Leaf of Chenopodium amaranticolor 
Coste & Reyn showing necrotic local lesion. 
S^^. 4^.- Infected Leaves of 
small pin point local lesions. 
Dahlia pinnata L. showing 
c^;?. ^- Infected Leaves of Lycopersicon lycopersicum Mill 
showing small pin head local lesions. 
S^^. d- Systemic symptoms in the form of mosaic on new 
emerging leaves of Nicotiana rustica L. 
^^^. 7a. .• Nicotiana tabacum cv. Anand-2 bidi type 
showing vein yellowing and mild mosaic symptoms on 
new emerging leaves. 
S^^./(f.- Infected Leaf of Nicotiana tabacum cv. 
Anand-2 bidi type showing necrotic lesions and mild 
mosaic symptoms. 
S^l^. S'.- Infected leaf of Nicotiana tabacum cv. Harison's 
special showing disease symptoms in the form of mosaic 
mottling.. 
c^p?. ^.- Infected leaves of Nicotiana tabacum var. 
Samsun type Turkish showing leaf deformation 85 
reduction in size. 
lycopersicum were compared to select the most suitable one. The 
inoculum was prepared from infected N. tabacum cv. Anand 2 
bidi type and local lesion were counted after 5-7 days of 
inoculation. 
Table-1: No. of local lesions on different local lesion hosts. 
Local lesion host 
Chenopodium album 
Chenopodium amarnticolor 
Dahlia pinnata 
Lycopersicon lycopersicum 
Average no. of local lesion/leaf* 
36 
68 
40 
35 
* Average no. of local based on 3 experiments with 3 plants 
having 5 leaves each. 
On the basis of data presented in table-1 Chenopodium 
amarnticolor was selected as a suitable local lesion host. 
5.0 Cone, of virus in different parts of the plant : 
The concentration of CYNV in different part of N. tabacum 
cv. Anand 2 bidi type plant e.g. stem, leaves and roots, was 
studied. Results of the experiment given in table-2 showed that 
the leaf tissue contains the highest cone. The virus cone, in the 
stem was markedly less and it was lowest in the root. 
Table-2: Cone, of carrot 3^ow net virus (CYNV) in different parts of N. 
tabacum cv. Anand 2 bidi type, 10 days after inoculation: 
Plant parts 
Root 
Stem 
Leaf 
Avg. no. of local lesions/leaf* 
35 
1 
48 
1 
79 i 
1 ! 
i 
* Average no. of local based on 3 experiments with 3 plants 
having 5 leaves each. 
6.0 Properties of the virus in crude plant sap: 
Johnson 1927 for the first time suggested the use of 
characters such as dilution end point, thermal inactivation point 
and aging in vitro in the identification of plant viruses. Since 
then these characters are in regular use as aids in the 
purification and characterization of plant viruses. Although 
these studies have a restricted value (Ross, 1964), they are of 
utmost importance in determining the procedure leading to the 
purification of virus. In this chapter, results of the experiments 
performed to determine dilution end point, thermal inactivation 
point and aging in vitro, effect of pH, effect of various buffers at 
different pH levels are reported. 
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6.1 Dilution End Point : 
The virus isolate in crude sap retained its activity when 
diluted to 10"^ but lost infectivity when diluted to lO-s (Table-3). 
Table-3: Effect of DEP on the infectivity of carrot yellow net 
virus (CYNV). 
Dilution 
Undiluted 
10-1 
10-2 
10-3 
10-4 
10-5 
10-6 
Average no. of local lesions/leaf* 
38 
15 
8 
8 
1 
0 
0 
* Average no. of local based on 3 experiments with 3 plants 
having 5 leaves each. 
6.2 Thermal Inactivation Point (TIP) : 
The infectivity of the sap obtained from N.tabacum cv. 
Anand 2 bidi type plant inoculated with carrot yeUow net virus 
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was lost after being heated for 10 min. at a temperature of 60°C. 
(Table-4). 
Table-4: Thermal inactivation point of carrot yellow net 
virus (CYNV). 
Temperature (^ C) 
40 
45 
50 
55 
60 
65 
70 
Average no. of local lesions/ leaf* 
52 
45 
39 
6 
1 
0 
0 
* Average no. of local based on 3 experiments with 3 plants 
having 6 leaves each, 
6.3 Longevity in Vitro (LIV) : 
The sap was obtained from N. tabacum cv. Anand-2 bidi 
type plants inoculated 10 days earlier, and was stored at room 
temp. (8-lOoC). The virus in crude sap retained its activity for at 
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least 96 hrs, but lost infectivity after storage of 102 hrs. at room 
temp. (Table-5). 
Table-5: Effect of storage of carrot yellow net virus (CYNV) 
infected crude sap from N.tabacum cv. Anand 2 bidi type at 
room temp. (8-lOoC). 
Storage in hour 
Immediately after extraction 
After 6 hr. 
After 12 hr. 
After 18 hr. 
After 24 hr. 
After 30 hr. 
After 36 hr. 
After 42 hr. 
After 48 hr. 
After 54 hr. 
After 60 hr. 
After 66 hr. 
Average no. of local lesion/leaf* 
98 
76 
57 
50 
38 
32 
17 
16 
11 
10 
8 
7 
48 
After 72 hr. 
After 78 hr. 
After 84 hr. 
After 90 hr. 
After 96 hr. 
After 102 hr. 
After 108 hr. 
After 114hr . 
4 
3 
2 
1 
1 
0 
0 
0 
* Average no. of local based on 3 experiments with 3 plants 
having 6 leaves each. 
In the second set of experiment the infected tissue from N. 
tabacum cv. Anand 2 bidi type plants, inoculated 10 days 
earlier, was stored at freezing temperature. 2 gram of the tissue 
was taken every week and macerated with 4ml. of O.IM 
phosphate buffer pH 7.0 and after filtering the macerate through 
double layers of cheese cloth. The sap was inoculated to three C. 
amaranticolor plants to test the viability of the virus. At freezing 
temp, the virus retained infectivity for at least 6 weeks, but lost 
infectivity when stored for 7 weeks at this temperature (Table-6). 
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Table-6: Effect on storage of diseased N. tabacum cv. Anand 
2 bidi type sap at freezing temperature. 
Duration 
Infected sap soon after extraction 
After 1 week 
After 2 week 
After 3 week 
After 4 week 
After 5 week 
After 6 week 
After 7 week 
After 8 week 
After 9 week 
Average no. of local lesions/leaf* 
86 
68 
43 
32 
28 
11 
3 
NU 
Nil 
Nil 
* Average no. of local based on 3 experiments with 3 plants 
having 5 leaves each. 
7.0 Effect of pH : 
The crude sap was obtained from N. tabcum cv. Anand 2 
bidi type plants, 10 days after inoculation. The sap was divided 
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into 12 aliquots of 10 ml each. The pH of the sap was adjusted 
to desired level using O.IM acetic acid or NaOH. The sap, after 
adjusting the pH was inoculated to 3 C. amaranticolor plants. 
Results of experiment showed that pH 7 was the most suitable 
pH for maintaining the infectivity of the virus (Table 7). 
Table-7: Effect of pH on the infectivity of carrot yellow net 
virus (CYNV): 
pH 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
No. of local lesion/leaf* 
5 
12 
22 
26 
30 
45 
75 
54 
30 
13 
6 
Average of 3 experiments with 3 plants having 5 leaves each. 
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8.0 Effect of various buffers at different pH leve l s : 
In this experiment t±ie effect of various buffers (acetate, 
citrate, phosphate and borate) at different pH levels on the 
infectivity of CYNV was compared. Results of the experiments 
revealed that O.IM phophate buffer pH 7.0 provides the most 
suitable environment for maintaining the infectivity of the virus. 
(Table-8). 
Table-8: Effect of various buffers at different pH levels on 
the infectivity of carrot yellow net virus (CYNV): 
Buffer 
O.IM Acetate buffer 
O.IM Citrate buffer 
pH 
4.5 
5.0 
5.5 
6.0 
4.0 
4.5 
5.0 
5.5 
6.0 
No. of local lesions/Leaf* 
5 
9 
12 
14 
3 
3 
17 
18 
20 
52 
O.IM Phosphate buffer 
O.IM Borate buffer 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
7.5 
8.0 
8.5 
9.0 
12 
15 
30 
43 
65 
85 
32 
16 
9 
21 
33 
63 
31 
Average of 3 experiments with 3 plants having 5 leaves each. 
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The carrot yellow net virus is found to be sap-
transmissible. Symptoms on inoculated plants appeared 10-15 
days after mechanical inoculation. The plants inoculated with 
CYNV produced yellow net symptoms, downward curling and in 
extreme cases the plants remain stunted and the size of leaves 
was reduced. The virus has a narrow host range infecting 14 
species distributed in 6 families. The virus has got four local 
lesion hosts Chenopodium album, C. amranticolor, Dahlia pinnata 
and Lycopersicon lycopersicum. The following hosts were found 
to be symptomless carrier to this virus e.g. Brassica rapa cv. 
Purple Top White, Raphanus satiuus cv. Faizabadi, Stellaria 
media, Coriandnim sativum as virus could be recovered on back 
inoculation to C. amaranticolor. About 40 species belonging to 14 
families were found to be resistant to this virus. Since the CYNV 
have got an aging in vitro of 102 h at room temp. (20 + 5°C) and 
about 6 weeks at freezing temperature. Dilution end point was 
noted between 10-'*-10'^ and thermal inactivation point lies 
between 55-600C. So by having such a biophysical properties the 
virus is moderately stable. 
In various experiments the effect of pH on the infectivity of 
virus the neutral pH was found to be most suitable for 
maintaining the infectivity of the virus. Out of various clarifying 
agents tried, sodium bisulphide and butanol proved to be most 
54 
,^\ ])s. 3Z5S JI 
suitable whereas chloroform caused almost total loss of 
infectivity. The virus attained highest titre in N. tabacum cv. 
Anand 2 bidi type 10 days after mechanical inoculation. The 
virus under study showed affinity with members of PVY group. It 
has been found that several members of this group can infect 
carrot and other members of family Umbelliferae e.g. carrot 
latent virus, carrot mosaic virus carrot thin leaf virus, celery 
mosaic virus parsnip mosaic virus and parsnip yellow mosaic 
virus. Nothing can be said about the group to which this CYNV 
belong as the information obtained so far is so meager and 
without detailed study of the virus such as electron microscopy 
and serology etc. the virus could not be placed in any particular 
group. 
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